Bcl-6 mRNA and protein are frequently expressed in the transformed counterparts of the germinal center B-cells, diffuse large B-cell lymphoma and follicular lymphoma, irrespective of the gene rearrangements. Most of the primary gastric lymphomas are thought to be of mucosa-associated lymphoid tissue (MALT) origin, and neither bcl-6 gene rearrangement nor protein expression is found in low-grade gastric lymphomas of the MALT type as in normal marginal zone cells. However, bcl-6 protein expression was identified in highgrade gastric lymphomas, suggesting its role in high-grade transformation. In this study, polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) analysis for bcl-6 primer was performed in order to ascertain the molecular mechanisms of bcl-6 protein expression in primary gastric lymphomas. A total 31 cases of gastric lymphoma were classified into low-grade gastric lymphomas of MALT type (n ‫؍‬ 13), high-grade gastric lymphomas of MALT type (n ‫؍‬ 6) and gastric diffuse large B-cell lymphomas (n ‫؍‬ 12). Bcl-6 mutations were observed in 11 of 13 (84.6%) low-grade gastric lymphomas of the MALT type and in 8 of 12 (66.7%) diffuse large B-cell gastric lymphomas. In 6 cases of the high-grade gastric lymphomas of the MALT type, both the low-and high-grade components demonstrated the same frequency (3/6, 50%) of mutations. The tissue obtained from the marginal zone of Peyer's patch by microdissection technique revealed no bcl-6 mutations by the PCR-SSCP analysis. These findings suggest that the acquisition process of bcl-6 mutations by the marginal zone cells may be involved in the lymphomagenesis of the stomach, but our data does not explain the reason why bcl-6 protein is expressed only in high-grade gastric lymphomas.
Molecular studies such as polymerase chain reaction enable early detection of low-grade gastric lymphoma of the mucosa associated lymphoid tissue (MALT) type, previously regarded as lymphoid hyperplasia or pseudolymphoma, in minute specimens such as endoscopic biopsy tissues (1, 2) . In this respect, the incidence of low-grade gastric lymphomas may be actually higher than that of highgrade gastric lymphomas in contrast to the previous studies that reported a higher incidence of high-grade gastric lymphomas. Because high-grade gastric lymphomas were more frequently detected clinically than low-grade tumors, it has been suggested that many of the low-grade tumors do not progress to high-grade lesions. Although there have been no prospective studies on the incidence of high-grade transformation of gastric lymphomas of the MALT type, some studies using archival materials have demonstrated that a significant proportion of high-grade gastric lymphomas were associated with areas of low-grade gastric lymphomas and that many genes, such as p53, bcl-2 and c-myc, were involved in the high-grade transformation (3, 4, 5) .
The bcl-6 gene was identified by virtue of its involvement in the chromosomal translocations affecting chromosome 3q27 in diffuse large cell lymphoma (DLCL). The same gene was then found to be rearranged in 40% of DLCL and 5% to 10% of follicular lymphomas (FL), including cases with cytogenetically normal 3q27. The rearrangement breakpoints cluster within a 4-kb region spanning the bcl-6 promoter sequences and the first noncoding exon, and results in the fusion of bcl-6 coding sequences (exons 2-10) to heterologous promotors from other chromosomes (6) . These alterations lead to the production of chimeric transcripts which encode for normal bcl-6 proteins, suggesting that the functional consequences of these translocations are the deregulation of bcl-6 expression by promotor substitution (7) . Bcl-6 rearrangements are associated with a subset of DLCL characterized by extranodal presentations and favorable outcomes (8) .
Bcl-6 can be assigned to the Kruppel-like subfamily of zinc finger proteins, and may function as a DNA binding transcription factor that regulates organ development and tissue differentiation (9) . By Northern blot analysis and immunohistochemistry, the expression of bcl-6 was detected in mature B-cells but not in pro-B-cells, plasma cells, T cells, or other hematopoietic cells. This selective expression suggests that bcl-6 may play a role in the control of normal B-cell differentiation and lymphoid organ development (9, 10, 11) . Zinc finger encoding genes are plausible candidate oncogenes, and terminal differentiation of hematopoietic cells is associated with the down regulation of these genes. It is conceivable that expression of bcl-6, caused by chromosomal rearrangements, interferes with normal B-cell differentiation or prevents postgerminal center differentiation, thereby contributing to the abnormal lymph node architecture typifying DLCL (6, 9) .
In malignant lymphomas, follicular lymphomas constantly express the bcl-6 protein, irrespective of gene rearrangements. In DLCL, bcl-6 protein expression is more variable, and a correlation between protein expression and bcl-6 rearrangement has not yet been found (12) . Because the bcl-6 expression is more frequently observed than anticipated by cytogenetic and Southern blot analysis, other mechanisms of gene activation such as point mutation or deletion are considered to be involved (12, 13, 14) . Recent studies revealed frequent mutation of the bcl-6 gene in the 5' noncoding region (15, 16) , but not in the coding region (17) in malignant lymphomas. Bcl-6 mutations are also frequently found in the neoplastic counterparts of germinal center cells, including DLCL and FL, as well as the postgerminal center origin tumor (multiple myeloma) (7, 18) . Bcl-6 gene rearrangement and protein expression have not been demonstrated in low-grade marginal zone lymphomas (19, 20) . However, recent papers reported that bcl-6 protein was identified in high-grade, but not in low-grade, gastric MALT lymphomas (21, 22) , suggesting the role of bcl-6 in the high-grade transformation as p53. In this study, we performed PCR-SSCP analysis of the bcl-6 gene 5' noncoding region in order to discover the underlying molecular mechanism of bcl-6 protein overexpression in primary gastric lymphomas.
MATERIALS AND METHODS

Materials
Paraffin-embedded tissue blocks from 31 cases of gastric lymphomas were retrieved from the Department of Pathology, Yonsei University College of Medicine and Department of Diagnostic Pathology, Samsung Medical Center, Sungkyunkwan University School of Medicine in Korea. The diagnosis of low-grade gastric lymphoma of the MALT type was based on the well-established histologic criteria described by Isaacson (23) . Lymphomas composed only of large transformed cells resembling centroblasts or immunoblasts without low-grade components were diagnosed as diffuse large B-cell lymphomas, in contrast to high-grade gastric lymphomas of the MALT type which have both lowand high-grade components. Paraffin tissue blocks from five cases of Peyer's patches and one case of non-neoplastic gastric mucosa, obtained from a resection specimen for high grade lymphoma, were also retrieved as a control.
Microdissection and DNA Extraction
After examination of hematoxylin-eosin stained slides, the tumor areas were trimmed from the representative sections. Genomic DNA was extracted from 10 m thick sections of formalin-fixed, paraffin-embedded tissues as previously described (24) . In two cases, which contained an intermixture of high-and low-grade tumors, 5 m thick sections from paraffin blocks were dewaxed in xylene followed by rinses in ethanol, hematoxylin staining and air drying. The desired areas were obtained by microdissection using 30 gauge needles under a light microscope. Therefore, only areas of the tumor devoid of reactive germinal centers were sampled for this study. The marginal zone cells from Peyer's patch were also microdissected (Fig. 1) .
Polymerase Chain Reaction-Single Strand Conformation Polymorphism (PCR-SSCP) of the Bcl-6 Gene
The 5' noncoding region of the bcl-6 gene was amplified by PCR reactions using the previously published primer sets (E1.7, E1.8, E1.10, E1.11, and E1.12) (15). The PCR reaction mix consisted of 1 l DNA extract, 4.5 mM MgCl 2 , 200 mol dNTP, 50 pmol of each primer, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, and 1.25 U Taq polymerase in a total volume of 50 l. Amplification was performed on a thermocycler (Perkin Elmer, Norwalk, CT, U.S.A), comprising 30 cycles of 94°C for 30 seconds, 60°C for 30 seconds and 72°C for 30 seconds. PCR products (3 l) were checked for yield and size on 1% agarose gels before further analysis. A ten l PCR product was mixed with 1 l of alkaline denaturating solution and cooled with ice. They were then subjected to electrophoresis on a 10% polyacrylamide gel at 200 V for 4 hrs. The gel was then fixed with ethidium bromide for 10 minutes and observed using a UV transilluminator. The placental tissue was used as the negative control.
RESULTS
31 cases of primary gastric lymphomas were included in this study. 13 were low-grade gastric lymphomas of the MALT type and 18 were high-grade B-cell lymphomas, including 6 cases of high-grade gastric lymphomas of the MALT type and 12 cases of diffuse large B-cell gastric lymphomas.
The primary gastric lymphomas tested in this study displayed a total of 61 PCR-SSCP variants (Fig. 2) . These variants were present in 11 out of 13 low-grade gastric lymphomas of the MALT type and in 8 out of 12 diffuse large B-cell gastric lymphomas. Among high-grade gastric lymphomas having both low-and high-grade components, 3 out of 6 low-grade areas and 3 out of 6 high-grade areas showed these variants (Table 1) . Among 25 mutated cases, 17 cases displayed 2 or more variant fragments. The PCR-SSCP variants were most frequently detected in the fragment E1.7, irrespective of the grade. The microdissected marginal zone cells from Peyer's patch did not show any abnormal bands in the 5 cases tested. The normal gastric mucosa used as a control had reactive lymphoid follicles and showed abnormally shifted bands. The placental tissue did not show any mutation.
DISCUSSION
Previous studies revealed neither bcl-6 gene rearrangements nor protein expression in low-grade marginal zone lymphomas (19, 20) , and Southern blot analysis on 3 cases of high-grade and 2 cases of low-grade gastric lymphomas also demonstrated no bcl-6 gene rearrangements (25) . However, bcl-6 protein expression was reported in high-grade MALT lymphomas of the stomach (21, 22) . Therefore, it is speculated that bcl-6 may be involved in the high-grade transformation of gastric lymphomas by mechanisms other than gene rearrangement.
Recent studies have suggested that the bcl-6 gene may be altered by somatic mutations clustering within the 5' noncoding regions of this gene. These mutations are found in cases displaying either normal or rearranged bcl-6 alleles, indicating their independence of chromosomal rearrangement. The sequences affected by these mutations are adjacent to the bcl-6 promotor region and overlap with the major cluster of chromosomal breakpoint (15) . The mutation frequency is more than 70% in DLCL, which is much higher than that of rearrangement (7), and the high frequency, tumor specificity and location in the proximity of bcl-6 regulatory regions of these mutations suggest that these genetic lesions may play a role in lymphomagenesis (16) . Bcl-6 mutations of the 5' noncoding region are restricted to neoplasms derived from germinal center cells (DLCL and FL) or postgerminal center cells (multiple myeloma) and represent a histogenetic marker of germinal center transit (18, 26) . Several recent studies reported bcl-6 mutation in normal germinal center B-cells, but not in naive B cells, and suggested bcl-6 mutations represented the effect of the IgV hypermutation process acting on non-Ig genes (18, 26) . Bcl-6 mutation was not found in the microdissected mantle zone B cells (26) , but mutation analysis from normal marginal zone cells has never been performed.
Bcl-6 mutation is detectable in 60 to 73% of primary gastric diffuse large B-cell lymphomas, in contrast to 22% of primary nodal large B-cell lymphomas (27) . In low-grade MALT lymphoma, the results of investigations on bcl-6 mutations are variable. In one study, bcl-6 mutations were found in 2 out of 4 cases (28), but in another study, mutations were absent from all 16 low-grade cases tested (29) . In our study, bcl-6 mutations were observed in 11 out of 13 low-grade gastric lymphomas of the MALT type and in 3 out of 6 low-grade components of high-grade gastric lymphomas of the MALT type. High-grade components of high-grade gastric lymphomas show the same frequency of bcl-6 mutations (3/6, 50%) as in low-grade components, and 8 out of 12 diffuse large B-cell gastric lymphomas demonstrated bcl-6 mutations. However, the microdissected marginal zone cells from Peyer's patch did not show any abnormally shifted bands in the 5 samples tested. Therefore, it can be concluded from our data that the acquisition of bcl-6 mutations by marginal zone cells may be involved in the lymphomagenesis of primary gastric lymphomas, but not in high-grade transformation. However, an alternative hypothesis can be considered: that the lymphoma cells acquire mutations as they traffic through the germinal centers, and the bcl-6 mutation has no role in lymphomagenesis and simply represents a histogenetic marker of germinal center transit. Because lymphomas of the MALT type show intimate interactions of tumor cells with lymphoid follicles, where tumor cells sometimes show high-grade transformation (25) , it can also be speculated that the germinal center microenvironment induces bcl-6 protein overexpression by mechanisms other than mutations. Studies involving in vitro transformation systems and in vivo expression in transgenic mice are warranted to investigate these hypotheses.
